Introduction {#Sec1}
============

Type 2 diabetes mellitus (T2DM) is a progressive disease, and with time many patients will require intensification of therapy \[[@CR1]\]. Current guidelines support the initiation of two antihyperglycemic agents (AHAs) simultaneously for the treatment of patients with poor glycemic control who are unlikely to achieve the glycated hemoglobin (HbA1c) goal with the addition of a single agent \[[@CR2]--[@CR4]\]. Frequently, the addition of AHAs is inappropriately delayed, causing patients to experience unnecessarily long exposure to hyperglycemia \[[@CR5]--[@CR9]\]. Therefore, even patients with mild or moderate hyperglycemia at diagnosis might be best treated with initial dual-combination therapy. In either case, combining AHAs with complementary mechanisms of action and a low risk of hypoglycemia is appropriate \[[@CR10]\].

Ertugliflozin and sitagliptin is one AHA combination that can be considered for co-initiation. Ertugliflozin is a highly selective sodium-glucose cotransporter 2 (SGLT2) inhibitor that is being developed for the treatment of patients with T2DM \[[@CR11], [@CR12]\]. Acting independently of insulin, SGLT2 inhibitors improve glycemic control through the inhibition of renal glucose reabsorption. This leads to enhanced urinary glucose excretion that in turn results in reduced plasma glucose \[[@CR13]\]. Sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, improves glycemic control by increasing circulating levels of the incretin hormones glucagon-like peptide 1 and gastric inhibitory polypeptide, which augment glucose-dependent insulin secretion by β cells \[[@CR14], [@CR15]\].

In previous clinical studies, ertugliflozin used as a monotherapy \[[@CR16]\], as an add on to metformin \[[@CR17]\], as an add on to the combination of sitagliptin and metformin \[[@CR18]\], and in combination with sitagliptin as an add on to metformin \[[@CR19], [@CR20]\] improved glycemic control, reduced body weight, and generally reduced blood pressure with a low incidence of hypoglycemia. In other studies, sitagliptin used as a monotherapy \[[@CR21]\] or as part of a dual therapy with metformin \[[@CR22]\] also provided clinically meaningful reductions in blood glucose with a low risk of hypoglycemia or weight gain.

This study---VERTIS SITA---was designed to evaluate the safety and efficacy of co-initiation of treatment with ertugliflozin \[5 or 15 mg daily (QD)\] and sitagliptin (100 mg QD), compared with placebo alone, in patients with T2DM and inadequate glycemic control on diet and exercise.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

Protocol MK-8835-017 was a randomized, double-blind, placebo-controlled, parallel-group phase III study (VERTIS SITA; ClinicalTrials.gov identifier: NCT02226003). The study consisted of a 2-week placebo run-in period followed by a 26-week double-blind treatment period. Patients receiving AHA therapy at screening entered a ≥ 8-week AHA wash-off period before beginning the run-in period. There was a post-treatment contact 14 days after the last dose of study medication for assessment of adverse events (AEs).

Patients eligible for the study and with adequate compliance during the placebo run-in (≥ 80% based on pill count) were randomized 1:1:1 to ertugliflozin 5 mg QD plus sitagliptin 100 mg QD (E5/S100), ertugliflozin 15 mg QD plus sitagliptin 100 mg QD (E15/S100), or placebo. Randomization was performed using a central electronic randomization system (interactive voice response system/integrated web response system). Ertugliflozin and sitagliptin tablets were packaged identically relative to their matching placebos. Patients, investigators, study site and central laboratory personnel, and the sponsor remained blinded during the 26-week treatment period. Patients were to take study medications in the morning without regard to food.

Glycemic rescue therapy with open-label glimepiride was prescribed for patients who met progressively more stringent glycemic rescue criteria, which consisted of fasting plasma glucose (FPG) values consistently (repeat measurement performed within 7 days) \> 270 mg/dL (\> 15.0 mmol/L) after randomization through week 6; \> 240 mg/dL (13.3 mmol/L) after week 6 through week 12; \> 200 mg/dL (11.1 mmol/L) after week 12 through week 26 \[[@CR23]\]. Rescued patients continued with the same dose and regimen of their study medications.

Mixed meal tolerance testing (MMTT) was performed at baseline and week 26 (or at rescue/discontinuation visits if appropriate). For the test, patients consumed a standard meal consisting of two nutrition bars and one nutrition drink (\~ 680 kcal; 111 g carbohydrate, 14 g fat, 26 g protein). For the week 26 visit, patients were instructed to take their double-blind study medication at the clinic 1 h before consuming the meal. Blood samples were taken before starting the meal (time 0) and at 30 and 120 min following the start of the meal. The 120-min timepoint was used to assess effects on 2-h PPG, whereas the 30-min timepoint was used for assessment of the insulinogenic index, which was based on C-peptide \[[@CR24]\].

Laboratory assessments were performed at a central laboratory.

All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. It was conducted in accordance with the principles of good clinical practice and approved by the appropriate institutional review boards and regulatory agencies. Informed consent was obtained from all individual participants included in the study. The protocol and statistical analysis plan were developed by the sponsors in consultation with an external Scientific Advisory Committee.

Patient Population {#Sec4}
------------------

Patients ≥ 18 years of age with T2DM according to the American Diabetes Association guidelines \[[@CR25]\] and inadequate glycemic control \[HbA1c ≥ 8.0% and ≤ 10.5% (≥ 64 and ≤ 91 mmol/mol)\] on diet and exercise alone for ≥ 8 weeks prior to screening, and who met all other eligibility criteria, could be enrolled in the study and proceed directly into a 2-week single-blind placebo run-in period prior to randomization. Patients with HbA1c ≥ 7.5% and ≤ 10.0% (≥ 58 and ≤ 86 mmol/mol) on either a single allowed AHA or a low-dose combination of two allowed AHAs (≤ 50% of the maximum labeled dose for each AHA) were eligible to enter a ≥ 8-week AHA wash-off period. Patients with HbA1c ≥ 8.0% and ≤ 10.5% \[≥ 64  and ≤ 91 mmol/mol\] after wash-off and who met the other eligibility criteria could enter the placebo run-in. Allowed AHAs at the time of the screening visit were metformin, α-glucosidase inhibitors, sulfonylureas, and glinides.

Exclusion criteria included: history of type 1 diabetes mellitus or ketoacidosis; treatment in the previous 12 weeks with insulin of any type or with an AHA other than those listed above; active obstructive uropathy or an indwelling urinary catheter; estimated glomerular filtration rate (eGFR) \< 60 mL/min/1.73 m^2^; FPG \> 270 mg/dL (\> 15 mmol/L) prior to initiation of the placebo run-in and confirmed within 7 days.

Efficacy Assessments {#Sec5}
--------------------

The primary efficacy endpoint was change from baseline in HbA1c at week 26. Pre-specified key secondary efficacy endpoints evaluated at week 26 were change from baseline in FPG and 2-hour (h) postprandial glucose (PPG); the proportion of patients with HbA1c \< 7.0% (\< 53 mmol/mol); and change from baseline in body weight, systolic blood pressure (SBP), and diastolic blood pressure (DBP). Other efficacy endpoints evaluated at week 26 were change from baseline in homeostasis model assessment of β-cell function (HOMA-β) and insulinogenic index with fasting C-peptide; percentage of patients who received glycemic rescue therapy through week 26; and percentage of patients with HbA1c \< 6.5% (48 mmol/mol).

The 2-h PPG was assessed from the MMTT performed at weeks 0 and 26 or at rescue or discontinuation. Body weight was measured in duplicate with a standardized digital scale. Sitting blood pressure (BP) was measured in triplicate using an automated oscillometric BP measuring device. The C-peptide-based insulinogenic index was defined as the ratio of the increment of C-peptide to that of plasma glucose 30 min after the MMTT. HOMA-β was calculated using FPG and fasting C-peptide levels using the calculator released by the University of Oxford in 2004 \[[@CR26]\].

Safety Assessments {#Sec6}
------------------

Safety assessments included the incidence of AEs, including AEs of special interest \[symptomatic hypoglycemia (defined as episodes with clinical symptoms reported by the investigator as hypoglycemia; biochemical documentation not required), AEs associated with genital mycotic infection (analyzed by gender), urinary tract infection (UTI), and hypovolemia\]. In addition, documented hypoglycemia (symptomatic and asymptomatic), defined as episodes with a glucose level ≤ 70 mg/dL (3.9 mmol/L), were recorded. Pre-specified laboratory, electrocardiogram, and postural BP parameters were assessed, as well as changes over time in laboratory parameters {including eGFR and lipid panels \[including low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C)\]} and vital signs.

Statistical Analyses {#Sec7}
--------------------

Randomization of approximately 300 patients (100 patients per group, expected to yield an effective sample size of 87 per group at week 26) was estimated to provide \> 99% power to detect a true difference of 1.0% in the mean change from baseline in HbA1c between a given ertugliflozin dose plus sitagliptin and placebo, based on a two-sided test at the 5% level of significance.

For multiplicity control, the primary and key secondary efficacy endpoints were tested in the following order: HbA1c, FPG, 2-h PPG, proportion of patients with HbA1c \< 7.0% (\< 53 mmol/mol), body weight, SBP, and DBP. For each endpoint, E15/S100 was tested vs. placebo, followed by E5/S100 vs. placebo. Each test was performed at the 0.05 level, and testing continued until a *P* value ≥ 0.05 was obtained.

Efficacy analyses included all randomized patients who took ≥ 1 dose of the study drug and had ≥ 1 measurement of the respective endpoint. Post-rescue efficacy data were treated as missing in all efficacy analyses. A longitudinal data analysis (LDA) model \[[@CR27]\] was used to evaluate continuous efficacy endpoints, with fixed effects for treatment, AHA status at screening, baseline eGFR (continuous), time (categorical), and interaction of time by treatment with a constraint that the true mean at baseline is common to all treatment groups (which is valid due to randomization). Missing data at week 26 were handled implicitly by the model. Logistic regression was used to evaluate the proportion of patients with HbA1c \< 7.0% (\< 53 mmol/mol) at week 26, fitted with terms for treatment, AHA status at screening, baseline eGFR (continuous), and baseline HbA1c (continuous), with missing data imputed via multiple imputation using the LDA model described above. The percentage of patients rescued was summarized in each treatment group. Reduction in HbA1c from baseline at week 26 was assessed in the subgroups with baseline HbA1c ≤ or \> the median \[9.0% (75 mmol/mol)\] using a repeated measures analysis of covariance model.

Safety analyses included all randomized treated patients. Data following initiation of glycemic rescue were included for the analysis of serious AEs (SAEs), deaths, and discontinuations due to AEs, and excluded for the other endpoints. *P* values and 95% confidence intervals (CIs) for between-group differences in pre-specified AEs of interest were computed using the Miettinen and Nurminen method \[[@CR28]\]. Changes from baseline in LDL-C and HDL-C were assessed by a LDA model similar to that used for the primary endpoint. Changes from baseline in eGFR and other safety endpoints were summarized descriptively.

Results {#Sec8}
=======

Patients were randomized at 94 centers across nine countries (Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Serbia, Ukraine, the United Kingdom, and the United States). The study started on September 25, 2014 and the last patient completed the study on February 23, 2016.

Patient Disposition and Baseline Characteristics {#Sec9}
------------------------------------------------

In total, 291 patients were randomized and 254 (87.3%) completed the study on study medication \[90 (91.8%), 88 (91.7%), and 76 (78.4%) in the E5/S100, E15/S100, and placebo groups, respectively; Fig. S1 in the Electronic supplementary material, ESM\]. In the placebo group, a higher percentage of patients discontinued the study medication due to 'withdrawal by patient' and 'lost to follow-up.'

Baseline demographics were generally similar between treatment groups (Table [1](#Tab1){ref-type="table"}); the placebo group contained a higher percentage of patients from North America compared with either ertugliflozin/sitagliptin group. Overall, patients had a mean HbA1c of 8.9% (74 mmol/mol), a mean body mass index of 32.2 kg/m^2^, a mean eGFR of 90.7 mL/min/1.73 m^2^, and a mean T2DM duration of 6.3 years. At screening, 51.9% of patients were receiving AHA treatment and entered the ≥ 8-week AHA wash-off period prior to randomization.Table 1Baseline demographics and disease characteristicsPlacebo\
(*n* = 97)E5/S100\
(*n* = 98)E15/S100\
(*n* = 96)Total\
(*n* = 291)Age, years54.3 (10.3)56.4 (9.3)56.1 (10.1)55.6 (10.0)Male, *n* (%)57 (58.8)57 (58.2)53 (55.2)167 (57.4)Race/ethnicity, *n* (%) White90 (92.8)92 (93.9)81 (84.4)263 (90.4) Black or African American4 (4.1)2 (2.0)7 (7.3)13 (4.5) American Indian or Alaska Native2 (2.1)4 (4.1)6 (6.3)12 (4.1) Multiple1 (1.0)0 (0.0)1 (1.0)2 (0.7) Native Hawaiian or other Pacific Islander0 (0.0)0 (0.0)1 (1.0)1 (0.3) Hispanic or Latino37 (38.1)34 (34.7)34 (35.4)105 (36.1)Region, *n* (%) North America (excl. Central America)57 (58.8)41 (41.8)45 (46.9)143 (49.1) Europe (incl. Russia)40 (41.2)57 (58.2)51 (53.1)148 (50.9)Body weight, kg95.0 (20.5)90.8 (20.7)91.2 (22.5)92.3 (21.3)BMI, kg/m^2^32.7 (6.2)32.0 (6.3)32.1 (5.8)32.2 (6.1)Duration of T2DM, years6.8 (6.5)5.7 (5.0)6.5 (6.5)6.3 (6.05)HbA1c, %9.0 (0.9)8.9 (0.9)9.0 (0.9)8.9 (0.9)HbA1c, mmol/mol74.3 (9.4)73.7 (9.5)74.6 (9.5)74.2 (9.4)FPG, mg/dL207.5 (44.9)198.0 (47.7)187.7 (46.7)197.8 (47.0)FPG, mmol/L11.5 (2.5)11.0 (2.6)10.4 (2.6)11.0 (2.3)Background AHA therapy status at screening, *n* (%) Currently on AHA therapy50 (51.5)49 (50.0)52 (54.2)151 (51.9) Not currently on AHA therapy, previously treated16 (16.5)15 (15.3)11 (11.5)42 (14.4) Never treated31 (32.0)34 (34.7)33 (34.4)98 (33.7)eGFR, mL/min/1.73 m^2^92.6 (21.6)90.0 (17.2)89.5 (18.1)90.7 (19.0)Serum creatinine, mg/dL0.8 (0.2)0.8 (0.1)0.8 (0.2)--Data are presented as mean (± standard deviation) unless otherwise stated*HbA1c* glycated hemoglobin, *AHA* antihyperglycemic agents, *BMI* body mass index, *E* ertugliflozin, *eGFR* estimated glomerular filtration rate, *FPG* fasting plasma glucose, *S* sitagliptin, *T2DM* type 2 diabetes mellitus

Efficacy {#Sec10}
--------

At week 26, significantly greater reductions from baseline in HbA1c were observed in the E5/S100 and E15/S100 groups compared with placebo (Table [2](#Tab2){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}a). The least squares (LS) mean HbA1c changes (95% CI) from baseline to week 26 were − 0.4% (− 0.7, − 0.2), − 1.6% (− 1.8, − 1.4), and − 1.7% (− 1.9, − 1.5) in the placebo, E5/S100, and E15/S100 groups, respectively. The placebo-adjusted LS mean changes for E5/S100 and E15/S100 were − 1.2% (− 1.5, − 0.8) and − 1.2% (− 1.6, − 0.9), respectively (*P* \< 0.001 for both comparisons).Table 2Change in glycated hemoglobin (HbA1c) from baseline at week 26PlaceboE5/S100E15/S100Baseline*n* = 96*n* = 98*n* = 96 Mean (SD), %9.0 (0.9)8.9 (0.9)9.0 (0.9) Mean (SD), mmol/mol74.3 (9.4)73.7 (9.5)74.6 (9.5)Week 26*n* = 49*n* = 85*n* = 82 Mean (SD), %8.0 (1.1)7.2 (1.0)7.3 (1.0) Mean (SD), mmol/mol64.0 (12.3)54.8 (10.9)56.0 (11.0)Change from baseline at week 26*n* = 96*n* = 98*n* = 96 Mean (SD), %− 0.8 (1.1)− 1.7 (0.9)− 1.7 (1.1) Mean (SD), mmol/mol− 8.5 (11.6)− 18.4 (9.8)− 18.3 (11.7) LS mean (95% CI), %− 0.4 (− 0.7, − 0.2)− 1.6 (− 1.8, − 1.4)− 1.7 (− 1.9, − 1.5) LS mean (95% CI), mmol/mol− 4.8 (− 7.6, − 2.1)− 17.5 (− 19.9, − 15.1)− 18.4 (− 20.8, − 16.0)Pairwise comparison vs. placebo Difference in LS means (95% CI), %--− 1.2 (− 1.5, − 0.8)− 1.2 (− 1.6, − 0.9) Difference in LS means (95% CI), mmol/mol--− 12.7 (− 16.2, − 9.1)− 13.5 (− 17.1, − 10.0) *P* value--\< 0.001\< 0.001*CI* confidence interval, *E* ertugliflozin, *LS* least squares, *S* sitagliptin, *SD* standard deviation Fig. 1Change over time in **a** glycated hemoglobin (HbA1c), **b** body weight, and **c** systolic blood pressure (SBP)^a^. *LS* least squares, *SE* standard error. ^a^ Relevant *p* values are provided in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}

Both the ertugliflozin/sitagliptin groups provided mean HbA1c reductions from baseline in patient subgroups analyzed by baseline HbA1c {≤ and \> median \[9.0% (75 mmol/mol)\] baseline HbA1c}; smaller changes were observed in all treatment groups in the lower baseline subgroup and greater changes were observed in the subgroup with higher baseline HbA1c (Table S1 in the ESM).

A higher percentage of the patients treated with E5/S100 and E15/S100 had HbA1c \< 7.0% (\< 53 mmol/mol) at week 26 compared with the placebo group (Table [3](#Tab3){ref-type="table"}). The odds of having HbA1c \< 7.0% (\< 53 mmol/mol) at week 26 were significantly greater in the E5/S100 and E15/S100 groups than in the placebo group (both *P* \< 0.001) (Table [3](#Tab3){ref-type="table"}). Similarly, the odds of having HbA1c \< 6.5% (\< 48 mmol/mol) at week 26 were greater in the E5/S100 and E15/S100 groups than in the placebo group (Table S2 in the ESM).Table 3Key secondary efficacy endpoints at week 26PlaceboE5/S100E15/S100Patients with HbA1c \< 7.0% (\< 53 mmol/mol)*n* = 96*n* = 98*n* = 96 Number of patients, *n* (%)8 (8.3)35 (35.7)30 (31.3) Adjusted odds ratio relative to placebo (95% CI)--6.9 (2.8, 16.8)^a^7.4 (3.0, 18.3)^a^Fasting plasma glucose*n* = 96*n* = 98*n* = 96 Mean baseline (SD), mg/dL207.5 (44.9)198.0 (47.7)187.7 (46.7) LS mean change from baseline (95% CI), mg/dL− 9.3 (− 18.6, − 0.0)− 48.2 (− 56.1, − 40.4)− 55.4 (− 63.3, − 47.4) Pairwise comparison vs. placebo, difference in LS means (95% CI), mg/dL--− 38.9 (− 49.9, − 28.0)^a^− 46.1 (− 57.1, − 35.0)^a^ Mean baseline (SD), mmol/L11.5 (2.5)11.0 (2.6)10.4 (2.6) LS mean change from baseline (95% CI), mmol/L− 0.5 (− 1.0, − 0.0)− 2.7 (− 3.1, − 2.2)− 3.1 (− 3.5, --2.6) Pairwise comparison vs. placebo, difference in LS means (95% CI), mmol/L--− 2.2 (− 2.8, − 1.6)^a^− 2.6 (− 3.2, − 1.9)^a^2-h postprandial glucose*n* = 91*n* = 97*n* = 95 Mean baseline (SD), mg/dL287.3 (74.0)281.3 (86.6)281.6 (76.7) LS mean change from baseline (95% CI), mg/dL− 20.4 (− 35.6, − 5.1)− 82.8 (− 96.0, − 69.6)− 90.0 (− 103.3, − 76.7) Pairwise comparison vs. placebo, difference in LS means (95% CI), mg/dL--− 62.4 (− 80.5, − 44.4)^a^− 69.6 (− 87.8, − 51.5)^a^ Mean baseline (SD), mmol/L15.9 (4.1)15.6 (4.8)15.6 (4.3) LS mean change from baseline (95% CI), mmol/L− 1.1 (− 2.0, − 0.3)− 4.6 (− 5.3, − 3.9)− 5.0 (− 5.7, − 4.3) Pairwise comparison vs. placebo, difference in LS means (95% CI), mmol/L--− 3.5 (− 4.5, − 2.5)^a^− 3.9 (− 4.9, − 2.9)^a^Body weight, kg*n* = 97*n* = 98*n* = 96 Mean baseline (SD)95.0 (20.5)90.8 (20.7)91.2 (22.5) LS mean change from baseline (95% CI)− 0.9 (− 1.7, − 0.2)− 2.9 (− 3.6, − 2.3)− 3.0 (− 3.7, − 2.4) Pairwise comparison vs. placebo, difference in LS means (95% CI)--− 2.0 (− 3.0, − 1.0)^a^− 2.1 (− 3.1, − 1.1)^a^Systolic blood pressure, mmHg*n* = 97*n* = 98*n* = 96 Mean baseline (SD)127.4 (14.1)130.7 (12.7)129.2 (12.2) LS mean change from baseline (95% CI)2.4 (− 0.3, 5.1)− 2.0 (− 4.2, 0.2)− 4.0 (− 6.2, − 1.8) Pairwise comparison vs. placebo, difference in LS means (95% CI)--− 4.4 (− 7.9, − 1.0)^b^− 6.4 (− 9.8, − 3.0)^a^Diastolic blood pressure, mmHg*n* = 97*n* = 98*n* = 96 Mean baseline (SD)77.8 (7.4)78.1 (7.9)77.1 (7.6) LS mean change from baseline (95% CI)1.2 (− 0.7, 3.2)− 0.4 (− 2.0, 1.1)− 1.0 (− 2.5, 0.6) Pairwise comparison vs. placebo, difference in LS means (95% CI)--− 1.7 (− 4.1, 0.8)− 2.2 (− 4.6, 0.3)*HbA1c* glycated hemoglobin, *CI* confidence interval, *E* ertugliflozin, *LS* least squares, *S* sitagliptin, *SD* standard deviation^a^*P* \< 0.001^b^*P* = 0.011

Significantly greater reductions from baseline were observed at week 26 for the E5/S100 and E15/S100 groups in the key secondary endpoints of FPG, 2-h PPG, body weight, and SBP compared with placebo (Table [3](#Tab3){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}b, c). Placebo-adjusted reductions in DBP were observed for E5/S100 and E15/S100, but were not statistically significant (Table [3](#Tab3){ref-type="table"}).

Fewer of the patients treated with E5/S100 received glycemic rescue medication through week 26 (6.1%) compared with placebo (32.0%; Table S2 in the ESM). None of the patients treated with E15/S100 required glycemic rescue medication during the study.

LS mean increases from baseline in HOMA-β (%) at week 26 were greater in the E5/S100 and E15/S100 groups than in the placebo group (*P* \< 0.001 for both comparisons; Table S2 in the ESM). A trend toward an improvement in C-peptide-based insulinogenic index at week 26 was observed in the E5/S100 and E15/S100 groups relative to the placebo group (Table S2 in the ESM).

Safety {#Sec11}
------

The percentage of patients with one or more AE was similar across the groups (Table [4](#Tab4){ref-type="table"}). The incidences of SAEs and AEs leading to discontinuation were low and not meaningfully different across treatment groups. No deaths were reported. The incidence of drug-related AEs was slightly higher in the E15/S100 group than in the placebo group and was similar between the E5/S100 and placebo groups. The excess of drug-related AEs in the E15/S100 group was not due to any particular AE or group of AEs.Table 4Summary of overall safety and pre-specified adverse events (AEs)Number of patients, *n* (%)Placebo\
(*n* = 97)E5/S100\
(*n* = 98)E15/S100\
(*n* = 96)Overall safety One or more AEs (ER)41 (42.3)44 (44.9)43 (44.8) AEs related to study drug (ER)^a^8 (8.2)9 (9.2)13 (13.5) One or more SAEs (IR)5 (5.2)2 (2.0)3 (3.1) Serious AEs related to study drug (IR)0 (0)0 (0)0 (0) Deaths (IR)0 (0)0 (0)0 (0) AEs leading to discontinuation (IR)3 (3.1)2 (2.0)2 (2.1)Pre-specified AEs (ER)^b^ Genital mycotic infection (men)0 (0.0)3 (5.3)1 (1.9) Genital mycotic infection (women)2 (5.0)2 (4.9)3 (7.0) Urinary tract infection5 (5.2)8 (8.2)3 (3.1) Symptomatic hypoglycemia^c^1 (1.0)3 (3.1)3 (3.1) Hypovolemia1 (1.0)2 (2.0)2 (2.1)*AE* adverse event, *E* ertugliflozin, *ER* analysis excludes events occurring after the initiation of rescue medication, *IR* analysis includes events occurring after the initiation of rescue medication, *S* sitagliptin, *SAE* serious adverse event^a^AEs reported by the investigator^b^Pre-specified AEs were specified for inferential testing without multiplicity control; no *P* values for comparisons to placebo were \< 0.05^c^Event with clinical symptoms reported by the investigator as hypoglycemia (concurrent finger stick glucose not required)

In male patients, the incidence of genital mycotic infections was 0% (placebo), 5.3% (E5/S100), and 1.9% (E15/S100) (Table [4](#Tab4){ref-type="table"}). The incidence of genital mycotic infections among female patients was similar across treatment groups (Table [4](#Tab4){ref-type="table"}). The incidences of UTIs, hypovolemia, and symptomatic hypoglycemia were generally low and not notably different between the treatment groups (Table [4](#Tab4){ref-type="table"}). The observed incidence of documented hypoglycemia in the E5/S100 group (6.1%) was higher than that in the E15/S100 (3.1%) and placebo (1.0%) groups. Two events of severe hypoglycemia (requiring nonmedical assistance) were reported in the E15/S100 treatment group. No events of severe hypoglycemia requiring medical assistance were reported in any treatment group.

At week 6 (first post-randomization assessment), modest reductions in eGFR were observed in all groups. Values of eGFR returned to or near baseline by week 26 in all treatment groups (Fig. [2](#Fig2){ref-type="fig"}). Overall, 2.3%, 2.1%, and 2.1% of patients in the placebo, E5/S100, and E15/S100 groups, respectively, had a decrease from baseline of \> 30% in eGFR on at least one occasion. One patient (1.1%) in the placebo group had a decrease of \> 50% in eGFR from baseline. No patients discontinued the study medication because they met the protocol-specified discontinuation threshold for eGFR \[value consistently (repeated within 7 days) \< 50 mL/min/1.73 m^2^\].Fig. 2**a** Mean change from baseline in estimated glomerular filtration rate (eGFR) (mL/min/1.73 m^2^) through week 26. **b** Mean change from baseline in serum creatinine (mg/dL) through week 26. *SE* standard error

Small increases from baseline in LDL-C at week 26 were observed in all groups, and increases were greater in the E5/S100 and E15/S100 groups vs. the placebo group (LS mean percent change from baseline: 2.9% \[− 3.5, 9.2\], 10.6% \[4.9, 16.3\], and 10.1% \[4.4, 15.8\] for placebo, E5/S100, and E15/S100, respectively; Table S3 in the ESM). Small increases from baseline in HDL-C at week 26 were also observed across all groups; these were greater in the E5/S100 and E15/S100 groups vs. the placebo group (LS mean percent change from baseline: 3.6% \[− 0.3, 7.5\], 9.3% \[5.8, 12.7\], and 8.2% \[4.8, 11.6\] for placebo, E5/S100, and E15/S100, respectively; Table S3 in the ESM).

Mean (SD) changes in hemoglobin from baseline at week 26 were − 0.2 g/dL (0.7), 0.5 g/dL (0.9), and 0.5 g/dL (0.8) for placebo, E5/S100, and E15/S100, respectively. Mean (SD) hematocrit changes from baseline at week 26 were − 0.2% (2.3), 2.2% (2.8), and 2.5% (2.5) for placebo, E5/S100, and E15/S100, respectively.

Neither ketoacidosis nor pancreatitis was observed in any of the treatment groups. There was one adjudication-confirmed fracture event (multiple fractures sustained in a motor vehicle accident) in one patient in the placebo group. There were no cases of amputation in this study.

Discussion {#Sec12}
==========

In this phase III, randomized, double-blind, multicenter, placebo-controlled clinical study (VERTIS SITA), significant improvements in glycemic control were observed after 26 weeks of treatment with the combination of ertugliflozin and sitagliptin compared with placebo alone in patients with T2DM and inadequate glycemic control on diet and exercise. For E5/S100 and E15/S100, large reductions in HbA1c were observed as early as the first post-randomization visit at week 6, with additional reductions seen through week 26. Significantly more patients treated with E5/S100 and E15/S100 met the HbA1c target of \< 7.0% (\< 53 mmol/mol) \[[@CR29]\] compared with the placebo group at week 26. In addition, statistically significant, clinically meaningful reductions in FPG, 2-h PPG, body weight, and SBP were seen among patients who received ertugliflozin plus sitagliptin vs. placebo. The significant reductions in SBP observed with ertugliflozin and sitagliptin treatment were noteworthy, as approximately 50% of patients were receiving BP medication at baseline and SBP was generally well controlled (mean baseline SBP \~ 130 mmHg).

The efficacy of combination therapy with ertugliflozin and sitagliptin observed in this study is consistent with that observed in other studies in the VERTIS program \[[@CR18], [@CR19]\]. In the VERTIS FACTORIAL study, adding the combination of ertugliflozin (5 or 15 mg) and sitagliptin to the treatment of patients on metformin reduced HbA1c by 1.5% from a baseline of 8.6% (70 mmol/mol), which was superior to the effect of either agent alone \[[@CR19], [@CR20]\]. In the present study, patients were not receiving background AHAs, and the mean baseline HbA1c of 8.9% was slightly higher than that in VERTIS FACTORIAL; the observed LS mean reductions from baseline in HbA1c for the E5/S100 and E15/S100 groups were slightly larger than those observed in the VERTIS FACTORIAL study (1.5% for both combination therapy groups). Furthermore, the significant reductions from baseline in body weight and SBP observed in the study reported here are consistent with the reductions observed after treatment with ertugliflozin alone or in combination with other AHAs across the VERTIS program \[[@CR16], [@CR17], [@CR19]\]. In another study assessing co-initiation of a DPP-4 inhibitor with an SGLT2 inhibitor vs. each individual treatment in patients with T2DM inadequately controlled on diet and exercise, co-initiation had beneficial effects on glycemic control and body weight reduction, with modest reductions in blood pressure also observed \[[@CR30]\].

The two doses of ertugliflozin assessed together with sitagliptin in this study were selected for phase III evaluation because dose--response modeling from phase II studies indicated that ertugliflozin 5 and 15 mg would provide 80% and 90% of maximal efficacy, respectively \[[@CR11], [@CR12]\]. The current study was not powered to detect differences between ertugliflozin doses, and co-initiation studies may not be the most appropriate approach to discern differences between drug doses. However, while the differences in efficacy between the two ertugliflozin doses were modest, point estimates for E15/S100 consistently demonstrated slightly greater efficacy than for E5/S100 with regard to reductions in HbA1c, FPG, 2-h PPG, body weight, and SBP. Further, no patient in the E15/S100 group required the addition of glycemic rescue medication during the study, as compared with 6.1% in the E5/S100 group. These results are consistent with similarly powered studies in which, as a monotherapy \[[@CR16]\], as an add on to metformin \[[@CR17]\], and as an add on to metformin and sitagliptin \[[@CR18]\], the 15 mg ertugliflozin dose provided 0.2%, 0.2%, and 0.1% greater reductions in HbA1c, respectively, compared with the 5 mg dose, suggesting the higher dose is generally associated with greater SGLT2 inhibition and efficacy.

The magnitude of the HbA1c decrease in the placebo group (− 0.4%) may be explained by the high mean baseline HbA1c levels in the study population \[approximately 9% (75 mmol/mol)\], leading to a larger trial effect than typically observed. Of note, the placebo response was larger (− 1.0%) for those with baseline HbA1c values greater than the median \[\> 9.0% (\> 75 mmol/mol)\] compared to those with baseline HbA1c values below the median (0.0%).

Recent small mechanistic studies have suggested that SGLT2 inhibition may lead to increased insulin sensitivity and improved β-cell function \[[@CR31], [@CR32]\]. In the current study, ertugliflozin plus sitagliptin was associated with improvements in HOMA-β, a marker of β-cell function. The underlying mechanism is unknown, but it could be a secondary response to reduced glucotoxicity resulting from enhanced urinary elimination of glucose. Similar effects have been observed in other ertugliflozin studies \[[@CR16], [@CR18]\].

Although metformin is the established first-line therapy for T2DM unless contraindicated or not tolerated \[[@CR1]\], patients who are not on pharmacotherapy and present with high baseline HbA1c, as in this study \[mean baseline HbA1c of approximately 9% (75 mmol/mol)\], may be less likely than patients with lower HbA1c to achieve the treatment goal with the initiation of monotherapy. In this study, 31.3--35.7% of patients treated with ertugliflozin/sitagliptin achieved HbA1c \< 7.0% (\< 53 mmol/mol) by the end of the study, compared with 8.3% of patients in the placebo group.

Combining ertugliflozin with sitagliptin was generally well tolerated over 26 weeks. No meaningful differences were seen in the incidences of pre-specified AEs of interest \[symptomatic hypoglycemia, UTIs, genital mycotic infections (male or female), or hypovolemia\] between groups. SGLT2 inhibitors have been linked to transient decreases in eGFR, likely hemodynamically mediated \[[@CR33], [@CR34]\]. Modest, transient decreases in mean eGFR were observed in this study in all groups; however, mean eGFRs returned to or near baseline levels at week 26. The pattern of changes in eGFR from baseline was consistent with prior observations with SGLT2 inhibitors \[[@CR35]\]. These transient reductions in eGFR may reflect an acute osmotic diuretic effect along with effects on tubuloglomerular feedback, resulting in afferent arteriolar vasoconstriction \[[@CR33], [@CR34]\]. Recent evidence suggests that SGLT2 inhibitors may have long-term beneficial effects on renal outcomes, which is probably the result of several direct and indirect effects on the kidney through tubuloglomerular feedback and improvements in hyperglycemia, hypertension, obesity, and hyperuricemia \[[@CR36], [@CR37]\]. There were no events of pancreatitis, ketoacidosis, amputation, or fracture in ertugliflozin/sitagliptin-treated patients.

This study has certain limitations. This was a placebo-controlled study of the combination of ertugliflozin and sitagliptin in patients not adequately controlled on diet and exercise. As such, there is no direct comparison to metformin, which is the recommended first-line therapy in most patients with T2DM \[[@CR1]\]. Similarly, not all patients in the present study were drug-naïve, and around 50% washed off prior therapy prior to the placebo run-in and randomization for this study.

Conclusion {#Sec13}
==========

In summary, in patients with T2DM who had inadequate glycemic control with diet and exercise alone, co-initiation of ertugliflozin and sitagliptin provided clinically meaningful improvements in glycemic control and reduced body weight and SBP relative to placebo. Combination treatment was generally well tolerated, without a meaningful difference in symptomatic hypoglycemia, UTIs, hypovolemia, or genital mycotic infections relative to placebo.
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